A quantitative immunohistochemical study of human spermatogenesis was performed using the 4D4 anti-proacrosin monoclonal antibody (mAb 4D4) 
Introduction
A quantitative analysis of the germinal epithelium allows the precise localization of the spermatogenic stage of a disorder and can distinguish maturation arrest from some hyposper¬ matogenesis (Narbaitz et al, 1978; Sigg and Hedinger, 1981) . Spermatogenesis has been quantified by means of classical cytological stains to determine stage of nuclear maturation (Rowley and Heller, 1971; Skakkebaek et al, 1973; Weissbach and Ibach, 1976; Zukerman et al, 1978; Johnson et al, 1987; Paniagua et al, 1987; Hirsch and Choi, 1990 and paraffin embedded sections can be labelled with the 4D4 monoclonal anti-proacrosin antibody .
Moreover, specific labelling patterns of mAb 4D4 are found at various stages of spermatogenesis from mid-pachytene stage onwards. Identification of germ cell type is therefore possible and cytoplasmic processes of spermatogenesis can be observed because proacrosin labelling during meiosis is a marker of Golgi complex partitioning . This new immunohistochemical approach has allowed meiotic arrests due to intra-nuclear disturbances to be distinguished from those resulting from cytoplasmic event impairment (Escalier et al, 1992 ). . The cell maturation steps were identified taking into account both nuclear features (Clermont, 1963; Holstein and Roosen-Runge, 1981; Schultze and Rehder, 1984) and the cellular location and pattern of mAb 4D4 labelling 
Statistical analysis
The distribution of the germ cells at each maturation step and for each testicular biopsy was first controlled using a repeated measure Manova analysis (Winer, 1962) . Scaling unfolding (Young, 1987) and cluster analysis (Hand, 1981) (Hand, 1981) Nistal and Paniagua (1984) and Nistal et al (1987 (Fig. 2c) Skakkebaek et al, 1989) . Moreover, in disturbed spermatogenesis, germ cells in the first meiotic prophase can show swollen or disorganized chromatin (Holstein et al, 1988 (Nistal and Paniagua, 1984; Holstein et al, 1988) . In another study, there was no difference in the total number of germ cells between right and left testicular biopsies (Guarch et al, 1992) . Such differences between studies confirm the importance of quantitative evaluation.
Slight hypospermatogenesis with about 20 late spermatids per seminiferous tubule section results in the production of more than 10x10 spermatozoa ml-1 (Silber et al, 1981; Nistal et al, 1987) . Since men with 5 IO6 or more spermato¬ zoa ml-can be of normal fertility (Jouannet el al, 1988) , slight hypospermatogenesis could be considered as being without functional consequences. In five of these cases, genital tract obstruction was present and this is known to affect spermatogenesis (Sigg and Hedinger, 1981; Holstein et al, 1988 ).
Until now it was unclear whether the number of either spermatids or of spermatids and spermatocytes was lower in hypospermatogenesis (Narbaitz et al, 1978; Nistal et al, 1987) . The method used in the study reported here shows that the number of both pachytene primary spermatocytes, and early and late spermatids have to be considered for the classification of a given biopsy. The data suggest that slight hypospermato¬ genesis may be due to fewer cells entering meiosis, which may be related to the decreased spermatogonia which is attributed to the spermatogonial stem cells . In contrast, marked hypospermatogenesis appears to have, in addition, loss of germ cells during later meiotic steps and spermiogenesis.
The most common form of maturation arrest in humans affects primary spermatocytes (Nistal and Paniagua, 1984;  Francavilla et al, 1989) . In the testicular biopsy series studied, the 4D4 labelling revealed that maturation arrest could occur at the level of either mid-pachytene primary spermatocytes or earlier as seen by the absence of 4D4 labelling in the excluded cases. In addition, as some cells escape the blockage, maturation arrest has been considered as a type of hypospermatogenesis (Honoré, 1979) , and its existence as a separate entity has been questioned (Guarch et al, 1992) . However, in the study reported here, significant differences were found between these two disturbances of spermatogenesis, supporting the notion that these disorders must be of different origin (Nistal and Paniagua, 1984; Skakkebaek et al, 1989) .
It is not known whether the frequent presence of immature germ cells in the lumen of seminiferous tubules is due to specimen processing (Honoré, 1979; Pesce, 1987) or is of pathological significance (Cameron el al, 1980; Bairati et al, 1985) . Data 
